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INTRODUCTORY. 



The Mississippi River Improvement Committee of the Mer- 
chants' Exchange of St. Louis present to the puhlic in this 
form the following papers, in the belief that they will be found 
of value to those who care to understand tlte theoretical prin- 
ciples mid practical methods adopted by the Mississippi River 
Commission in the work of improving the Mississippi River. 
This, undertaking is by far the most important work of internal 
improvement ever entered upon by the Government. Its 
friends feel that it needs only to be thoroughly understood to 
be assured of the cordial and unanimous support of the public. 
They have no desire that its difficulty shall bo under-estimated ; 
and they are sure that its value, if successfully accomplished, 
can not be over-estimated. It is a noble experiment in the in- 
terest of all the people ; — one wisely undertaken and well be- 
gun, and in the final success of which every patriotic citizen 
ought to feel a personal pride. 

In the address here reproduced is given a detailed account 
of the practical work of the Commission, and ot the results so 
far reached. In the two papers taken, by permission ot the 
publisher, trom the A T arth American Review, are discussed the 
two great theoretical topics of Outlets and Levees. These 
three papers were originally given to the public separately, 
and contain some repetitions of substantially identical matters. 
I !nt as those arc not mini emus, and consist, either of brief 
statements of fundamental principles, or of facta used in differ- 
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ent connections to illustrate different propositions, it has been 
thought best to reprint each paper entire. 

It is desired that every person to whom this publication 
shall come shall consider that it has been sent to him be- 
cause lie is supposed to be one of those intelligent, liberal- 
minded citizens to whom all tilings that concern the welfare of 
the Republic or tiny part of it, whether near or far, are of in- 
terest, and in the hope that he may be gratified by the perusal 
of it. 



IMPROVEMENT OF THE MISSISSIPPI. 



An Aodrkss deuvereo at St. Louis, Jaxcary 26, 18S4, 
hkkokk the Merchants' Exchange. 

I have accepted with pleasure jour invitation to speak on 
the subject of the work, proposed and accomplished, of the 
Mississippi River Commission. It is to be regretted, but 
nevertheless is true, as your committee have remarked, that 
information on this subject is not within easy reach ot the gen- 
eral public. The commission itself speaks only through its of- 
ficial reports, which are accessible to hut few, and which, from 
their necessarily formal and technical character, are not very 
inviting reading when obtained. And the nature and situa- 
tion of the works in progress are such that they are practically 
beyond the reach, even of the indefatigable newspaper re- 
porter. The undertaking is one of great importance, great 
difficulty, and great cost. Its successful completion will be 
impossible without the intelligent ami cordial support of the 
people. And I am glad, therefore, of an opportunity like this, 
to lay before the public in an informal and familiar way some 
account of tho plans adopted and progress made. I may say, 
too, that it gives me peculiar gratification to do this here, in 
the central metropolis ot the empire valley, whose citizens 
have distinguished themselves in many noble works, and pre- 
embiently as early anil steadfast friends of Mississippi River 
Improvement, 

The first duty imposed on the Mississippi River Commis- 
sion by the law creating it was, in the language of tho Act, "to 
" direct ami complete such surveys of said river between tho 



6 MISSISSIPPI RIVER IMPROVEMENT. 

"head of the Pusses near its mouth to its head waters ah may 
"now be in progress, and to make such additional survey a, 
u examinations, and investigations, topographical, hydro- 
" graphical, and hydromotvical ot said river and its tributaries 
1 1 as may be deemed necessary by said commission to carry 
" out the objects (.if this act." 

It is to tliis part of the work of the commission that I will 
bivitc your attention first It was surprising information to 
me, and I think will bo to most persons, that prior to the 
present undertaking, no complete survey of the Mississippi 
river had been made. The Coast Survey had carried its 
work to a distance of about one hundred and sixty-eight miles 
from the mouth of the river upward. A stretch of about forty 
miles in the vicinity of Memphis, and another of about ten 
miles in the vicinity ot Cairo had been surveyed under the di- 
rection of Gen. C. B. Comatock, now President of the eomniis- 
mission. These surveys have been adopted by the commis- 
sion as part Oi its general .system. Portions of the tipper river 
had been surveyed by Col. Parqnliar and Maj. Mackenzie, of 
the Engineer corps, hut the work, though excellent in its exe- 
cution, was not adapted to the plan fixed upon for the whole, 
and will not be used. So that excepting about two hundred 
and eighteen miles of the lower river, the survey undertaken 
and in progress is a new and complete one, reaching from one 
end of the river to the other. 

The work ot surveying proper comprises three successive 
operations, conducted by distinct parlies, viz,: 

1. Triangulation ; 

2. Precise Levelling ; 

■ !. Topography and Hydrography* 
The process of triangulation consists in laying out on the 
river banks a series of triangles, with sides crossing the river 
at intervals of a mile or two, in a zigzag tine, like the panels of 
a rail fence. Each of these triangles has a side in common 
with one preceding it and another with, one following it. The 
angles being determined by instrumental observation, and one 
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skie of one of the triangles measured as a base, the others fire 
ascertained by commutation. The observations and measure- 
ments are made with the greatest care and skill, the compu- 
tation is pure mathematics, ami the results are practically ex- 
act. The system of lines and stations thus established consti- 
tutes the frame upon which all following work is built, and is 
now complete from the gulf to Keokuk, Iowa. 

The system of levelling adopted is equally thorough and 
exact, liegimiiiig at the Gulf of Mexico, a continuous line is 
carried tip the river, every portion of which is covered by at 
least two independent observations. No work is accepted 
which shows a disagreement between two observations, exceed- 
ing five millimeters into the square root of the distance in kil- 
ometers, or about two- fifths of an inch in seven miles, and, 
as a rule, the observations agree much more nearly than that. 
At intervals of three miles transverse lines are located across 
the river, and in each of these lines are placed four bench- 
marks, — two on eacli side of the river. These bench-marks are 
the permanent monuments of the whole survey. The triangu- 
httion stations, being necessarily near the river bank, are diffi- 
cult to preserve. The bench-marks may be placed wherever 
the most secure location can be found. They are connected by- 
BXftOt measurements of distance and bearing with the triangu- 
lation stations, and thus become at once monuments of distance 
Bnd elevation. There being four of them in each transverse 
line, three of each set might be lost without serious ineouven- 
ience. Every possible precaution is taken, however, tn in- 
sure the permanence of i-very one of them. Wherever bed- 
rock, stone abutments, or stone foundations under public build- 
ings can be found, they are used. In such cases a deep hole 
is drilled in the rock, in which a copper plug is securely fast- 
ened. Upon its surface two lines are engraved, the intersec- 
tion of which is the point of reference. Such facilities as these 
for the location of monuments are, however, comparatively 
fare, and in most cases arlitieia! monuments are used. A brief 
description of these will not he without interest. The tratis- 
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parse lines before mentioned are extended from one to two 
miles Brora the bunk on each side, and a bench- mark station is 
located at each end of the tine, and otw at an intermediate joint 
OU each side of the river. At each of these stations a thick 
stone slab, some eighteen incites Square, is buried about five 
feet deep, having a cross cut on its upper surface. The inter- 
section of the lines of that cross is the reference point for dis- 
tances, and the surface of the slab, at the same point, the ref- 
erence plane for elevations. Directly over this point is set an 
iron tube, six inches in diameter and six feet long, securely 
covered by an iron cap, winch terminates in a knob, the exact 
elevation of whose upper surface above the surface ot the slab 
below is known. The visible monument is, therefore, an iron 
knob surmounting a little mound of earth about a foot high, 
and for ordinary ourposes reterencc is made to ibis; but 
when greater exactness is required, the cap is removed and 
reference made to the stone below. This part of the work is 
now complete from the gulf to Savannah, Illinois, a point 
about titty miles north of Rock [stand. From the latter place 
a Line lias been run to Chicago, where it connects with a sys- 
tem of levels brought by other government surveys from the 
Atlantic ocean by way of the Hudson river and the great 
lakes. It is impossible to make an exact comparison of residls 
at this time, because the mean tide level of the (lull of Mexi- 
co, upon which the Mississippi levels rest, lias not yet been 
finally fixed by the Coast Survey or other authority. But, 
taking it as it has been assumed to be in the work done by the 
commission, the disagreement between the two lines thus 
meeting in Chicago is less than twelve inches. 

The top. graphical ni' lii ilrograpliicnl work is last in order, 
and comprises under the bead of topography, the determina- 
tion of the outlines of the river's batiks, bare, and islands, and 
die contour of adjacent lands tor a distance of from one to 
three miles on each side; ami, under the head ot hydrography, 
the determination ot the width, depth, boundaries, and shape 
ot the water channel, — all which are referred, both in respect 
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to distance and elevation, to the bench-rairks already de- 
Boribed. This part of the work is now substantially complete 

from Cairo to tlie gulf. 

From these surveys are drawn maps upon n scale or 
about six inches to the mile, upon which are shown all the tri- 
angulution stations, bench-marks, soundings, water lines, bars, 
islands, and other physical features ot the surface surveyed. 
This work is done upon sheets 28 inches wide, and from 4o to 
48 inches in length, and is substantially similar to that done 
by the Coast Surrey. These maps exist only in the original 
mai i u s er i p t Fo r p ract ical u s e t h ey a re re prod n ce d an d printed 
in two reduced sizes. The larger of these is upon a scale of 
about three inches to the mile, and is upon sheets 23x36 
inches, and is adapted to use of engineers, public libraries 
and offices, and other purposes requiring a high degree ot 
minute exactness. Of these maps two sheets, out ot a total 
series of eighty-five, have been published. The smaller repro- 
duction is upon a scale of one inch to the mile, and is intended 
to meet the wants of pilots, shippers, and the public generally. 
From these many of the details embraced in the larger maps 
are necessarily omitted. The number published is twenty- 
two, and with ten more the series will be complete from Cairo 
down. It is also in eon temptation to publish a large wall map 
exhibiting the river from Cairo to the gulf on one sheet. 

I'Votn this brief account of it, it will be seen that the sur- 
vey in progress is designed, nut only to furnish full and exact 
information for present use, but to perpetuate that information 
through all time. A very little care will preserve all the 
monuments of it intact. But even with the grossest inatten- 
tion they can not be wholly lost. The caving of a bank may 
occasionally expose a bench-mark to untimely resurrection, but 
enough of them will remain until Gabriel blows his trump to 
enable an engineer to reconstruct the river channel exactly 
as it lay when the survey was made If it shall wander away 
from under the worm teueo of triangles which the engineers 
have built upon it, we shall have the proof and measure of its 
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- ] n U s u . ■■ . We shall know whether il tills iij> its lied. • .v scours, 
it out, ami how much. 

Besides these operations of surveying and map making, 

there are conducted numerous observations comprised under 
the general term " hydrometrical," which arc scarcely leas im- 
portant. At selected stations on the river parties are placed 
whose duty it is to measure and record daily the depth, width, 
vertical area, velocity, and discharge of the water; the fill, 
scour, and other changes of the h if turn; and the amount and 
character of sediment carried in .suspension. From the data 
thus obtained sheets arc prepared, on which those reactions of 
the rfver which it is desirable to compare with others are rep- 
resented by lines. Thus, one line represents the stage, and 
curves this way or that, as the river rose or fell. Another lino 
represents the velocity, and curves in this direction or that, as 
the velocity of the current, increased or diminished. Another 
line represents the vertical water area or cross-section; another 
the discharge per second, and so on. These lines being placed 
side by side on the same sheet, the whole can be Been at once, 
and there is thus exhibited a chart, or pictorial history of the 
river at the locality observed, by incut!* of which its various 
functions can be compared, one with another, with a:i accuracy 
otherwise impossible. There is also maintained in connection 
with the Engineer Office ai Washington, a system of gaagea 
at intervals of about titty miles over the river, at each of 
which a daily record of the stage is kept. Measurements 
have been made also, o) the discharge of the. Ohio, and of the 
Overflow discharge of the main river during the great Hoods of 
1882 and 1883. 

In order to throw light on the history and character of the 
alluvial basin, an extensive series of deep borings has been 
made, the results of Which have been submitted to the study 
of distinguished geologists. And in order to determine the 
elevations and other features of the great sub-basins, transal- 
luvial lines of levels have been carried across the entire valley 
at several places. 
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The object of all tlris miscellaneous work is not the mere 
gratification of scientific curiosity, but to provide indispensable 
material for practical investigation. As will be more full}' ex- 
plained hereafter, there is no possibility of improving the Mis- 
sissippi river except through the wiso direction, of its own 
forces. This requires an intimate and accurate knowledge of 
its history, life, laws, anil methods, which can be obtained 
oidy by minute, patient and intelligent observation. There 
lias been much discussion of subjects pertaining to the Missis 
sippi river which has been comparatively profitless, for want of 
authenticated tacts. Such observations as I have mentioned, 
continued systematically and long enough, will furnish those 
tacts, and put at rest questions which might otherwise be dis- 
cussed forever. Of the truth of this remark, I can give you at 
tiiis moment a recent and interesting illustration. 

The effect, of outlets upon the flood levels and upon the 
river channel has been the theme of great controversy for a 
generation past. There is a class of aquatic doctors who 
regard the Mississippi in every time of flood as sick, whose di- 
agnosis of the case is dropsy, and whose remedy is tapping. 
Bills have been introduced in Congress, and vigorously 
pushed, to provide for the making of vast outlets by artificial 
means. The opponents of such measures have claimed that 
the effect of such diminution of volume in the river is, to 
lessen its energy and transporting power, and so cause depos- 
its of ^.diment, which choke up the channel, increase the 
flood bights, and thus make the last state of the river worse 
than its first These views have been supported by many ob- 
served facts, and by what seemed to be unanswerable reason- 
ing. Nevertheless, there has been felt by intelligent students 
of the question a strong desire for more facts, and for facts 
based on observations so taken as to afford the highest possible 
guaranty of their accuracy. Some such facts we are now able 
to give. 

During the great flood of L6S2, a number of crevasses oc- 
curred below .Memphis. Less than three months prior to that 
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time a survey of that part of the river bad been completed, so 
that wo know its exact depth, width and cross-section at those 
points as they were In-fore the (food. After the flood a re-sur- 
vey was ordered to he made in the locality oi four of those 
crevasses, tor the express purpose of ascertaining what 
change, it* any, they had produced in the river channel. The 
results were as follows: at Malone's Landing, where the upper 
and least crevasse ot the four occurred, there was a shoaling 
of the channel below the erevjisso amounting to four per cent. 
of its cross-section; at Riverton there was a shoaling of four- 
teen per cent,; at Bolivar, eleven per cent.; and at Mound 
Place, twenty-four per cent. 

At Bonnet Carre, a few miles above New Orleans, a 
crevasse occurred a number of years ago, through which a 
largo volume of water escaped into Lake Pontehartraiu. Lt re- 
mained open until the autumn of 1.SS2, when it was closed. 
We had a survey of the river adjacent to this crevasse, made 
before its closure, and have just completer! another made 
since. A comparison of the two shows that since the closure 
of the crevasse the channel space in the river below it has in- 
creased about twelve per cent. We have, therefore, in four 
cases, a tilling up of the river bed following an outflow 
through a crevasse, and in one, a scouring out of the bed 
following tlie closure of a crevasse and the stoppage of its 
discharge. I am not now arguing the outlet question, and will 
not take time to comment on the significance of these tacts; 
but that they weigh more than a foolscap quire of conjecture, 
will be readily admitted. 

I have dwelt at some length on this pail of the work of the 
commission, partly because of its own interest and importance, 
and partly because it has attracted less attention, and is, as I 
believe, less well understood, than those parts of the work in- 
volving larger expenditures. It is, in truth, a work of great 
and enduring value, not only as a necessary preliminary touny 
intelligent attempt toward improvement of the river, but as an 
independent undertaking, national in it* scope, and of such 



OBSERVATIONS. 13 

usefulness to science, commerce, and public interests, as to 
justify all the expense necessary to carry on and complete it. 
It lias been, and is, the purpose of the members of the com- 
mission to observe and perpetuate tor the information of oth- 
ers, so far as the means at. their disjxisal will allow, every fact 
in tlie life of the Mississippi river that will help to an accurate 
understanding of those immutable laws to which, beyond 
doubt, it is as submissive and obedient as is tlie ri valet that 
trickles down the roadside to the laws of its existence and 
How. They may fail to interpret their own observations aright, 
and all their plans tor the improvement of the river may 
go awry, like other plans of mice and men ; but, if so, the rec- 
ord of their failure will serve to point out the road to success 
tor those who si i id 1 follow. 

The other and harder duty imposed upon the commission 
was, in the words of the Act, ''to take into consideration and 
"mature sueli plan or plana and estimates as will correct, 
"permanently locate, and deepen the channel and protect the 
"hanks of the Mississippi river ; improve and give safety and 
"ease to the navigation thereof; prevent destructive floods; 
"and promote and, facilitate common?, trade, and the postal 
"service. 1 ' In pursuance of this requirement a plan for the 
improvement of the river as a highway of navigation has been 
prepared, reported, approved] and is now in course of execution. 
Tiie work is done by the Secretary of War through officers of 
the Engineer corps of the army, who proceed according to the 
plans, and under the genera! supervision of the commission, 
as to the things to be done, and methods to be employed, but 
whose contracts, disbursements, and accounts are subject to 
the supervision and approval of the Chief of Engineers. And 
to some account of those plans, and the work so far done un- 
der them, I now invite your attention ; and in that connection 
will speak, first, of the nature of the obstacles to be overcome ; 
then of tiie methods employed ; and finally, of the progress 
made. 

If the Mississippi river could be emptied of its contents, so 
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as to expose its bottom dry and ban;, the appearance pre- 
sented would be surprising to most of us. Instead of a com- 
paratively level channel floor, corresponding in its general fea- 
tures with the lands adjacent to the river, there would be 
Found a succession of great sand hills and Intervening depres- 
sions. Passing through one of these depressions, the observer 
would find himself', it might be, a hundred and fifty feet below 
the surface <A the batiks on either side. Within a. few thous- 
and teat he would encounter a sand hill, stretching across the 
channel, so steep that you could scarcely drive ahorse up its 
declivity, and perhaps a hundred feet high. Having crossed 
the top of this, he would descend into another basin, then 
climb another hill, and so on. When the channel is filled with 
water the crests of these elevations approach the surface, and 
Sso constitute the bars so often mentioned in this connec- 
tion. In low water the greatest depth above them is some- 
times as little as five feet, and often only six or seven. This is 
insufficient for profitable navigation upon a scale adequate to 
the growing demands of commerce. To increase that depth is 
the improvement desired. 

There is an elevation of the bottom, and in that sense a 
bar, below every bend in the river. Hut most of them are so 
deeply submerged that they are far below a steamboat keel, 
even at low water. The number of those that obstruct navi- 
gation below Cairo is not far from forty. Nearly all of those 
are located in groups, each group being comprised in a stretch 
of river somewhere from twenty to forty miles in length. 
Such a portion of the river is known in engineering vernacular 
as a "reach." Of such divisions there are in the lowur river 
six, known as the New Madrid, Plum Point, Memphis, Hele- 
na, Choctaw, and Lake Providence reaches. A ten feet low 
water channel from Cairo down is the least depth lliat will an- 
swer the needs of commerce ; the actual demand is fifteen ; the 
ultimate hope twenty. To get ten feet we must, scalp from 
three to five feet off the top of each of the forty sand hills 
which I have described ; to get fifteen, from eight to ten. To 
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do this sn that it shall stay done is the whole problem of Mis- 
sissippi river improvement. Is such a thing possible i 

Tin? feature which I have mentioned, of alternate p»4 and 
bar, is as invariably characteristic of avary alluvial stream as 
its lateral crookedness. There is thus indicated a law whieb 
is universal, by whieb every such st renin tends to make for 
itself a pathway combining both lateral and vertical curves. 
Every attempt, therefore, to straighten such a channel in 
either respect, is, to some extent, a. contradiction of the laws 
that govern the flow of the stream. In regard to such inter- 
ferencos the Father of Waters has a will of his own, which is 
not to be violently antagonized. And if it were necessary, in 
order to get a ten or fifteen feet channel, to bring the rivet bot- 
tom to a straight line, or anything like it, I should regard the 
task as impossible. Hut that is not necessary, and heroin lies 
the hopefulness of the undertaking. To take ten feet oh' a 
Band pile a hundred feet high, is not in itself a problem to dis- 
courage an engineer, and it does not very greatly alter the 
shape or proportions of the river bed. It still leaves the crest 
of the bar from eighty to ninety feet above the bottom of the 
pool, which, one would think, ought to satisfy any reasonable 
river. In fact that depth of bottom curvature does satisfy 
the Mississippi river throughout most of its course. It is only 
where disturbing conditions exist, that a greater curvature is 
found. Hence it seems probable, that, upon the removal or 
amelioration of those disturbing conditions, the river may sub- 
mit quietly to the comparatively slight alteration of its pres- 
ent pathway which is necessary for its improvement. 

With respect to the means by which the improvement 
proposed is to be attempted, it may be said in the first place, 
that the forces to bo employed must be found in the river 
itself. None can be found elsewhere adequate to the occasion. 
Thu power of the river to pile sand on its bars is beyond all 
power of man to remove it. It would be as impossible to make 
and maintain a fifteen teet channel through the bars by digging 
or dredging, as to lower a flood by carting away the water. 
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At the same time, there am forces in the river powerful enough 
to do die wofk needed, if they can be jmt at it. The present 
channel is the liver's own handiwork. Over three-fourths of 
its course it is good enough. In those places where the channel 
is kul, the energy of the river is no less than in the places 
where it is good, but is not well directed. And if the river 
can be induced to make as economical and elective use of its 
powers throughout its course as it now makes over the greater 
part of it, there will be a good channel from Cairo to 
New Orleans, 

It follows that the, engineer who would qualify himself lor 
this great, work must, take the river as his teacher, and sit at 
its feet, a patient, observant, receptive, reflecting pupil. In 
these diligent Studios every bend, every bar, every willow on 
the shore will have for him its lesson and its suggestion. And 
when he shall have learned the secret of the river's success 
where it succeeds, and of its failure where it fads, he will be 
prepared to remedy the failure by introducing, so far as may 
be done, the conditions oft lie success. 

The plan which has been adopted proposes, first, to deepen 
the channel over the crests of the bars by reducing ifs 
low water width at those places. This is a simple imitation of 
the river's own engineering. Its narrow reaches are always 
deep ; its shallow bars are always wide. The reason for the 
difference is obvious. A concentration of the current in- 
creases its velocity, momentum, and scouring power, and so 
results in increased depth. As a rule, the shallow reaches also 
contain islands and bars winch subdivide the channel. To 
choose from the existing subdivisions the one most suitable in 
its location and dimensions to ^•wi' as the main channel, reg- 
ulate it to a width of trom three thousand to thirty-five hundred 
feet, and close all others, is usually the substance of the 
project at such a place. 

For the closure of chutes and subsidiary channels, and the 

building of new banks where needed in order to contract the 

•new channel, the sediment carried in the water is the sole re- 
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liunee. The conditions <>t sedimentary deposit are, first, 
that water loaded witli sediment shall flow up<m and cover the 
area to be filled ; second, that it shall there experience such 
diminution of TOloeity si- 1 to cause the heavier particles to fall 
to the bottom ; and third, that it shall then How away and 
pre place to a fresh supply of silt-laden water. The secou- 
ditions exist naturally on the wood and vine covered batiks of 
tho river, and are produced artificially by driving piles in rows 
across the chute m 1 channel, or around and across the space to 
he filled, and interweaving a wattling of poles and brush among 
the piles, or placing against them mattresses made of poles 
and brush, and thus forming a permeable dam or screen, by 
which the flow of the water is obstructed and delayed, but not 
pre vented. It is desirable tbat the obstruction presented by 
these dikes shall be sufficient to diminish the velocity of the 
water passing through them to such degree as to cause rapid 
deposit, and yet admit the passage of the largest amount of 
water consistent with such diminution. These piles and their 
wattling or mattresses are not intended to serve any perma- 
nent use. When the deposit which they are designed to pro- 
duce is complete, their functions are ended, like those of the 
scaffolding about a house, when the house is finished. This 
should not require more than two or three seasons at the ut- 
most. When the deposit caused by them has been carried 
somewhat above the ordinary low water line, there shortly 
springs up upon it. a spontaneous growth of willows, which 
take the place of piles and mattresses as checks to the flow of 
the water, and so carry the deposit higher and higher, until 
it reaches the normal bank height of the locality. 

It is occasionally necessary to narrow the channel selected 
as the permanent one by the creation of a new bank alongside 
it. Hut such cases are comparatively rare. Whom the whole 
river Sows in a single channel, there is rarely any serious bar 
obstruction. Hence, the work of contraction consists chiefly 
in closing chutes. 

The river being by these means deflected from its erratic 
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uml wasteful courses, and led along one symmetrical channel, 
speedily scours nut and deepens its bed tn the extent neces- 
sary to convey its concentrated volume. This gives the addi- 
tional depth, which is the improvement sought. It this depth 
COuid be obtained and maintained by contraction alone, the 
works which I have described would be all that, would be 
needed. It is impossible, however, to give complete and per- 
manent etleet to tins part of the work without protecting the 
caving banks in the reaches to be improved, and Cor some dis- 
tance above them. The Mississippi River, as every one knows, 
is a succession of bends. In these the current always tends 
to hug the concave bank. In order to do this it is compelled 
to cross the channel every time it passes from one bend to an- 
other. The points at which these transit ions of the current tnmi 
one side of the river to the other occur arc called "crossings." 
The current swings round the bends with greater velocity than 
it passes over the crossings. The caving hanks are on the 
concave sides of the bends. As the swift high water current 
sweeps past them, it gathers up a load of sand, a large part 
of which it drops on the next crossing below, where its veloc- 
ity is first slackened. Hence it is, that the bad bars are use 
ally at the crossings below caving bends. And one object, 
therefore, of protecting such hanks is, to prevent the Idling up 
of the deepened channels below them. Hut the great object 
01 bank protection is to secure a permanent location of the 
channel. The caving back of a concave bank not only shifts 
the line ot the current where the caving occurs, but changes 

i 1 - locnti Did diivi-linti a i I In- crossing bel<>w, iliiiI ■■> the 

point and direction of its impingement an the opposite bank. 
This introduces changes in the bend below, mid these others 
in the next one, and so on down the river. In this way a 
change in one bend may produce changes in half a dozen bends 
below it. 

< me of the resources of the skillful engineer is to avail him 
self, in certain cases, of this ricochet or rebounding of the 
current from one bank to the other, by placing bis works some 
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distance above the point where their results are to be devel- 
oped, bo mew hat after the fashion of a stroke in billiards. An 
instance of this may be found at Cape Girardeau, Mo., whew 
Major O. H. Ernst has removed a bar in front ot the town by 
works placed several miles above, and on the opposite side ot 
the river. 

Amid the unstable conditions thus produced by caving banks 
it would be impossible to main tain the improved channel ob- 
tained by means of the contraction works which I have de- 
scribed, however successful they may be at the start. Hence 
it is indispensable to hold the banks whose caving would be 
likely to result in changes in the improved reaches. 

This part of the work is, beyond doubt, the most difficult, 
•Od tu the casual observer, witnessing the rate at which fields 
and forests are devoured by the river, may well seem impos- 
sible. Hut tlie measure of the possibility of such an under 
taking is not its aggregate vastness. It is an end to be reached 
ty steps, and the practicability of each step severally is the 
true test of the possibility at the whole. It will be seen on 
clone observation thai the Mississippi river tears d-wri its 
banks as it builds them up— little by little. A caving bank- 
rises straight up from from the water edge, anywhere from ten 
to forty feet. At its base there is an incessant lapping and 
chafing, by which it is slowly worn away and undermined. 
Ab a Consequence it breaks down, piece by piece, and falls into 
the river, and is there dissolved and carried away. All this 
ls without any violence of attack. The swell of a steamboat 
breaks against the bank with some force, and occasionally the 
"ver puts on a few diminutivo white caps under a gale ; but 
W the most part the undulations that play along its margin are 
ripples rather than waves. There is never anything like the 
Shock of an ocean breaker on the shore. The mischief is done 
"J wavelets, whose action is more like the work ot an infinite 
a ttny of mice, sapping and mining at the foot of the bank. 
ca «h excavating its teaspoonful per minute. To check this 
disintegration over a square yard of surface is a light matter. 
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A w< -ii den blanket laid smoo tills against the bank would doit 
at once. Indued, the device ased t'< u* this jnir^Htso is next tiling 
to a blanket, a being a mattress — made, however, of brush 

and poles instead of hair or husk. 

This fabric, which holds an important place in many mod- 
ern engineering works, is woven for use in the Mississippi in 
webs about one hundred and forty to fifty feet wide, and any- 
where, from one or two hundred to several thousand feet, in 
length, with slim, flexible willows, twenty to thirty feet Ion* 
worked in, top, stem, and branches, tor woof, and larger poles 
iron tods, or steel wire, for warp. It is made on a boat hav- 
ing a length eipuil to the width of the mattress, and as il is 
completed it slides down inclined ways to the water. It can be 
carried continuously to any length, and in practice in made in 
such lengths as are best adapted to the hank surface where it 
is to be used. It is intended that its inner edge shall extend 
to the foot of the under water slope of the bank, and its outer 
edge to a point a litlle below the low water surface. It is sunk 
and held in place by stone. From the low water margin to the 
top of the bank the earth is graded to a tlat slope, In Bt)11 , 
planes this completes the work. The sunken mattress pre- 
vents undermining below the low water line, and the grading 
down of the overhanging bank stops the undermining above 
that line. In other, and most cases, the space between tl 
upper edge of the mattress and the line of willow growth : 
protected by a covering of loose alone. Above that line wil 
lows are the most perfect protection possible, and one w! " .1 
nature speedily provides. All this— mattress, gtading and 
stone covering— is embraced in the genera! term "ivvetioent '' 

The works which I have thus described comprise all that i 
done in the channel of the river, and are commonly referred 
fur distinction as ''channel works." They are in the mitt ■ > r 
local regulations of the river's flow. In addition to tl V' 
there is contemplated in the plan adopted, another retml-nV'' 
on a larger scale, and more general in effect, viz • tl,,, ,.. 

' '■'■''■Vr lj( |fcl \l ^il\ I 

tration of all the ordinary discharge of the river, hieludin., V 
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ordinary floods, within its channel. The considerations upon 
which this principle rests are very simple. The river makes 
the channel; the greatness of the channel depends upon the 
greatness of the river ; the strength of the river is in its water; 
a waste of its volume is a waste of strength; concentration of 
its volume is conservation of strength and increase of energy. 
These observations apply to all ordinary stages of water, — 
high as well as low, but not to extraordinary or phenomenal 
floods, which occur at long and irregular intervals. It is doubtful 
whether it, would be advantageous to confine the latter class of 
floods within the channel, even if no question of cost were in- 
volved; it is certain that it would not be wise economy to un- 
dertake it tor the sake of channel improvement merely. White 
there is a clear distinction between the ordinary and the ex- 
triMnliiKii-v tlouds, in their relation to the channel, it is not 
easy to locate exactly the line which divides them. Upon this 
subject studies and investigations are in progress, on which, it 
hoped, more definite conclusions can be based than any yet 
reached. Kor the present, all that can be said is, that the 
Ordinary flood is that which occurs with approximate regular- 
ity from year to year, and which reaches an elevation not 
greatly above the normal bank. Within this limit, the high 
stage and the low stage are the summer and the winter of the 
river's year ; and to this extent the control of the high stage 
as well as the low, is a necessary part oi any plan of improve- 
ment having for its fundamental principle the complete utili na- 
tion of the natural forces of the river. 

The proper order of conducting this part of tin* work is frmn 
the lower reaches upward, and it is desirable that it shall be so 
executed, if possible, as to close at once an entire alluvial front. 
Al [lie inception of [lie work undertaken by the commission, 
there were found comparatively complete systems oi levees 
along the fronts of the Vazoo and Tensas basins. They were 
not in all respects such levees as would have been constructed 
for the purpose of channel improvement, hut it was so much 
cheaper and more expeditions to repair the gaps in them and 
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use th em, than to build new ones, that that course was taken. 
The Yazoo front is now substantially closed, as is also the 
greater part of the Tensas. The good effects of the concen- 
tration of water thus produced, are already apparent. It sent 
the flood of 1883 from Vieksburg to Red river in undivided 
volume, and with such velocity and power as to scour out the 
channel with marked effect The least depth reported be- 
tween those two points during the past season was ten and a 
half feet. The closure of the Tensas front will complete all 
work of this kind in immediate contemplation. It will be de- 
sirable to allow that part of the river directly affected by the 
work there done, time to adjust itself to the new demands 
made upon it, before increasing them. The St. Francis front 
is all that will remain to be closed. There is not at hand there 
any such system of levees as existed in fooflt ot the Yazoo and 
the Tensas. The work will be to a great extent new, and will 
have to be constructed either upon such plan as may be adopted 
with a view to the improvement of the channel alone, (which 
will not suffice for secure protection against overflow), or else 
at an expense which the commission does not feel warranted in 
recommending. 

It is proper to observe m this connection, (as upon this point 
there has been some misapprehension,) that Congress has 
never iiuthorizcd llie constnietioii r,)' ;iuy levn.-s |' M - ||,,. ,,,.,,,,.,. 
tion of lands from overflow. In all the appropriations except 
the first it has been expressly provided that the money should 
not be expended for that purpose. Tlie organic act, which I 
have quoted, mentions the prevention of destructive floods as 
one of the subjects to he considered, and it has been embraced 
to some extent, in the investigations and reports of the com. 
mission. But no money has been expended in the. ■ count ruc- 
tion of repair of any levees except such as were believed to be 
necessary part of the work of channel improvement. 

From the six reaches which I have named, the I'lmn [>,,;„,, 
reach and the Lake Providence reach were selected at the lirst 
in which the work of improvement should be undertaken. The 
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former is some sixty miles above Memphis, and t!ie latter 
about the same distance above Yicksburg. This choice was 
made partly because tin tie two reaches were, all things con- 
sidered, the worst on the river, and partly because, being 
nearly tour hundred miles apart, and one of them well toward 
the foot ut bad navigation, they were, in some respects, typi- 
cal localities, and furnished opportunities tor thorough tests 
and comparisons of means to he employed. It was consid- 
ered that any device or method which should be found suc- 
cessful at both those places, could be safely employed on any 
part of the river. 

As must necessarily be the case in any work of such nov- 
elty, difficulty, and magnitude, the first year was spent in get- 
ting ready to begin. An extensive plant was required, much 
of which had to be designed, and all of which bad to he con- 
tracted and built. Although a large sum was spent for that 
purpose before the work began, the supply was inadequate, and 
has been largely increased since. Nearly all the channel work 
is dune from boats, and a great part <>t it with machinery. 
There are floating pile-drivers that drive piles in water twenty 
feet deep, anil into the ground twenty feet, without a Stroke of 
the hammer, by means of a hydraulic jet. There are snag- 
boats that will jerk a snag out of fi bank in less time than a 
dentist will extract one from a jaw. There are hydraulic 
graders that grade caving banks to a fiat slope with water-jots, 
af :t cost, ot three and a half cents per cubic yard, — a work 
which would cost from twelve to twenty cents if done with 

shovel and spade. There is a mattress-boat carrying a steam 
loom, which, being fed wire and brush, turns out a continuous 
woven mattress one hundred and thirty feet wide and <rf un- 
limited length, There are floating machine nwl repair shops ; 
floating boarding-houses, with appliances for feeding and lodg 
tag, all told, nearly two thousand men ; and stone, brush, and 
coal barges in groat number. The entire plant, as now organ- 
ized, tiol including snin_'-hi<jits heliiiii.duu' to the Tnited Stales, 
or chartered tow-boats, embraces ['80 barges, 03 pile-drivers, 
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85 mattress-bouts, 8H nuaTtar-boate, 6 tow-boats, I screen- 
boars, 8 machine-shop boats. 4 graders, ] pumping- boat, and 
1 steam-tug, making 333 in all, and representing a coat of over 
a million dollars. 

Large as is this outfit, it is acme too largo, and could be iu- 
creased in snim- particulars wit It advantage. Experience lias 
shown that each integral portion of the work, once under- 
taken, must be earned by a single assault. To revet part, of a 
caving bank, or bah" close a chute, ami then stop, hazards the 
safety of ail iliat ivas been done. It is therefore necessary 
tbat there shall be such ample equipment in every depart- 
ment, that prompt advantage can be taken of favorable season, 
stage, and other conditions, to begin, carry forward, and 
finish extensive works with the utmost dispatch. 

Plum Point roach is twenty miles long, and in some parte 
nearly two miles wide. It embraces eleven bars, some (A them, 
heretofore, among the worst on the river. It contains live 
chutes which are to be dosed, varying from six hundred to 
thirty -four hundred feet in width. Its complete improvement 
will require the revetment of six caving banks, of which the 
shortest is half a mile, and the longest tour miles in length. 
Permeable dikes have been constructed across tour of the 
chutes to he closed, No work has been done in the fifth, 
known as Yankee bar chute, because it is hoped that the in- 
Jluence i if the works above it will suffice to close it. The effect 
produced by these structures has exceeded all anticipations. 
The quantity oi earth which lias been deposited by means <>t 
them is enormous. The deepest till in any one place is thirty- 
five vertical feet In Khnot chute there has been an average 
fill of six and a half feet, distributed over an area of fi Vu 
hundred acres; in iippm- Osceola chute an average of live and 
a half feet, distributed over two hundred and forty acres; and 
in llullertoii scvun tcel, distributed over two hundred and fifty 
acres. "While the closure of these chutes is, as y t -t, rally par- 
tially complete, it has produeed a large concentration of water 
in the main channel, which has been followed by marked and 
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gratifying results. The bars which formerly obstructed navi- 
gation have been cut down from six to ten feet throughout the 
reach. The last, season was one of unusually low water- the 
lowest within ten years. In other parts erf the river tive and 
six feet depths were not uncommon. But here there was a 
twelve feet channel throughout the season. If every part of 
the river had been as good us the Plum Point reach, the "J. 
M. White " and the "Natchez" could have meed from New 
Orleans to Cairn, in dead low water. 

This partial victory over Jupiter Flavins, (it I may be al- 
lowed to create a deity fur the occasion), has not been won 
without loss. It was a campaign against an adversary whose 
resources, stratagems and methods had to bo learned by actual 
encounter. When the first picket lines of piles were put out 
to "feel the enemy, 1 ' it sometimes happened that the enemy 
felt them and they disappeared. A few strategic points had 
to be taken and re-taken at heavy cost before they could be 
finally held. At the head of Elmot chute— the Sevastopol of 
Plum Point reach, nearly one hundred and fifty thousand dol- 
lars worth of work was lost before the river consented to give 
up its old by-path. This is tin- heaviest loss (hat has occurred 
so far, and is not likely to be repeated elsewhere, although 
losses, from various inevitable causes, will necessarily occur 
with greater or less frequency. These permeable dikes, while 
very easy to describe, nevertheless present many nice ques- 
tions in their construction which can be settled only by ex- 
periment and experience. Thus, as they are to serve only a 
temporary purpose, it is desirable to put no more money in 
them than is absolutely necessary : and yet they must be made 
strong enough to stand unmoved while they are in service. 
Whfirfi they are exposed to active bottom SConr, it is neces- 
sary to protect them with foot mats, which are brush mat- 
tresses, made substantially like those used on the banks, only 
lighter and narrower, and laid on the river bottom, alongside 
and among the piles. But where those can be omitted safely 
it is desirable to avoid the expense of them, as they represent 
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a considerable item ot cost. It' the dikes arc made too opes 
the water, flows through them so rapidly that it deposits but 
little sediment below them ; it they are made too close, they 
(lain DP the water, and provoke the river to dig them out. If 
they are made too low, the Hoods go over them without sum- 
dent diminution of velocity to cause rapid deposit; if tliey 
are made too high, drift lodges against them, and accumulates 
in rafts which finally break them down. To hit flic golden 
mean between all these extremes is the desideratum, and it is 
only by the carpenter's rule of "cut. and try" that this can be 
done. In the interest of economy it is obvious wisdom to be- 
gin with the cheapest forms of construction which it. is believed 
will answer the purpose, and advance trom those to stronger 
and costlier devices if it shall prove necessary. The dikes at 
Elmot chute that were swept away were the tirst that were nut 
in. They were, as results have shown, too high ami j^ 
weak, and lower anil stronger tonus are now used. Although 
I have spoken of them as lost, they did not exist in vain. 
Besides the valuable experience which they afforded, they re- 
sisted attack hmg enough to cause large deposits in Elmof 
chute, and so perished like a soldier on thi- field, who, before 
he falls, helps to win the victory which he dues not live to see. 

When the work was begun, it was regarded as somewhat 
uncertain whether or not the water in the lower readies of the 
river would prove as rich as it is in the upper portions— say at 
St. Louis and thereabout— and capable of yielding as large de- 
posits of sediment. And tor that reason the effect of the con- 
traction works :tt the Lake Providence reach, was looked tor 
with a good deal of anxiety. But all apprehensions on that 
sc<. re have been completely removed by the results, which I 
will state. 

The hake Providence reach is thirty-live miles long, and in 
some places nearly two miles wide, it contains eleven bars 
and nine chutes, in seven of which permeable dikes have been 
built. Its improvement, as now projected, comprises I lie re 
vetment ot seven caving banks, varying from one and u ha! 
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to eight miles in length, and making a total of twenty-two and 
one-half miles. Some ot this hank protection may prove to 
be unnecessary if the work already done, and some yet to do, 
shall produce the full effect hoped for. In Skip with chute a 
fill of thirty-two vertical ieet has occurred, and the total till in 
that chute measures ten million, three hundred thousand cubic 
yards. In Stack Island chute a til! of forty-seven vertical feet 
lias been secured since last September. In Baleshed chute 
five miles and a half of permeable dike have been built, and 
the deposit produced measures thirty -three million cubic yards. 
The aggregate deposits in the Lake Providence chutes cover 
over three thousand acres. The building up of such areas ot 
solid land from particles as minute as a pin-point, carried by 
flowing water and laid down a speck at a time, is a phenome- 
non which fairly staggers the imagination. 

By means of these works a channel depth of fifteen feet was 
maintained in Lake Providence reach during the low water ot 
the last season. 1 saw if stated in one ot the river papers not 
long since that last vear, for the first time in her history, the 
"J. M. White," flic largest steamer on the river, made regu- 
lar trips throughout the season to points above Lake Provi- 
dence. 

I have thus stated, brielly in one sense, hut tediously to you, 
I fear, what is proposed, and what has been done toward the 
improvement of the lower Mississippi. The question, that in- 
evitably follows is, " Will it last V To this I can only say " I 
don't, know." No one knows. Time alone will tell. Work 
of this kind is not new. It has been employed with success- 
ful results in other parts of the world, bat not upon such a 
scale, and under such circumstances as to famish reliable pre- 
cedents. So tar as it lias gone, the work has fulfilled every 
expectation of its success. In roost respects there is absolute 
assurance of its continued success. It is certain that perme- 
able dikes can be constructed that will stand, and that they 
will produce deposits of sediment sntHcient to close a chute. 
It is certain that the concentration of water produced by olofl- 
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ing the chutes, and narrowing the channel where it is excess- 
ively wide, will scour out the bars to ample depth for naviga- 
tion. The only tiling that remains in any Hurt of doubt is the 
practicability of permanently holding the banks. As to that 
notldng short of the experience of a number of years to come 
will settle the question. It will not be settled even by re- 
peated tail arcs in particular places. It is a kind of work in 
which there is wide room for invention and improvement, 
When I see how much better the devices and methods now 
employed are than those of only three years ago, T can not 
doubt that the next three years will show still further advances 
in the same direction. As to the final result there is not much 
value in the opinion of any man, and least of all in mine. But 
there is one element of the problem which I think important, 
and will mention, I believe that the preservation of the 
banks depends largely on the maintenance of certain favor- 
ing natural conditions in the river, which I will endeavor to 
describe. 

Between Cairo and the gulf there is a fall of three hundred 
and twenty-two feet. To a river as great as the Mississippi 
the journey down such a declivity is like the descent of a very 
fat man down a very steep hill. To go straight down is im- 
possible, without going headlong. So the river lays out its 
path in curves, and thus diminishes its slope by increasing its 
length, exactly as an engineer, in laying out a wagon road, or 
a railway track, down a mountain side, reduces his grades by 
adopting a circuitous route. By this means the river seeks to 
reduce its own velocity to a rate which its banks can bear 
without destruction. It tollows that the crookedness of its 
channel is no accident, or misfortune, hut. a piece of Nature's 
own wise engineering; and that the hope once expressed hy a 
high official, that the first work of the commission would he to 
take some of the " kinks" out of the liver, was wide the murk. 
The most perfect condition of the river possible is that in 
which there is the most perfect equilibrium possible between 
the velocity of its current and the strength of its banks, his 
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in search t>f tliis r<[iiilil»i'iiiin limt it it invars it* length and 

flattens its slope by enlarging its bends. Bat the enlargement 
of this bend* tends tn narrow tins necks ot land between them, 
and so, in course of time, to cut the in oft And the result of 
such a cut-oil'' is to undo till the equalizing work of years before, 
and introduce chaos and change through a series of years fol- 
lowing. Take, for example, a bend twenty miles in length as 
the current Sows, and with a fall ■ «t three inches per mile. 
When the neck of land between the extremities of the bend 
gives way, there is introduced at that point a sudden fall equal 
to the entire former fall around the bend, which would be, hi 
the ease supposed, five feet. The increased velocity produced 
by such a change is irresistible, and the banks for miles above 
jiiid below the cut-off melt away like ash-heaps. If there hap- 
pens to bo another narrow neck not far below, it is certain to 
give way shortly ; and thus the river runs riot, until its vio- 
lence works its own cure by re-creating the bends, and so 
restoring its normal length and velocity. We have thus pro- 
duced alternate periods of stability and of change, each lasting 
through a number of years, and each tending to produce the 
other. During a long period of stability the river makes for 
itself hundreds of miles of perfect channel, down which it flows 
through curves of ample sweep, and between sloping banks 
that show little change from year to year. 

The present is a period of comparative stability. Xo great 
cut-otf has occurred since that at Vieksburg, in 1S76. And 
you will find in the river to-day many long reaches of model 
channel. The gist of the present plan is to copy the models 
which nature thus oilers. That this can be done with approx- 
imate fidelity is certain, and I see no reason why the improved 
channel, once secured, may not be permanently preserved, 
without extravagant cost, as long as the conditions of general 
stability continue. But if the river be allowed to break 
through these, even to the extent ot a single cut-off, it will be 
like a runaway horse— there is n<> telling where it will stop. 
I do not mean by this that such a catastrophe would neces- 
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sarily destroy improvements then completed, or render other 
improvements impossible ; but it would introduce such grave 
and additional difficulties into the problem that its solution 
would become a matter of renewed doubt and experiment. 
And in order to prevent any such lapse into evil ways on the 
part of the river, there will be required careful watchfulness, 
and prompt measures of prevention when danger threatens. 
"V? ith these favoring conditions maintained, I believe that the 
work of bank protection, which is the key of the whohi 
scheme, can be successfully accomplished and permanently 
held. 

I have taxed your patience to such a degree in description 
of the works in progress on the lower river, that I am com- 
pelled to omit any extended reference to those abovu Cteo. 
I can only say that a few miles below your own city, on llorsc- 
tail bar, are channel works precisely similar to those at Plum 
Point and Lake Providence, which have been in progress for 
several years, under the charge of Major O. It, Ernst, of the 
Engineers, and which have proven quite as successful as those 
below. 

Above the mouth of the Illinois river are other works, de- 
signed also to deepen and improve the channel, but entirely 
different in character from those which I have described 
which are being successfully carried on under the able direc- 
tion of Major Mackenzie, of the Engineers. Put of either of 
these I can not speak now at length. 

1 desire to add, before closing, a word of deserved tribute 
to the accomplished officers of the Engineer Corps who are in 
charge of tln> works on the lower river. It those works suc- 
ceed, it is to them that the country will owe most thanks for 
it. It is upon their invention, resources, courage, prudence 
and executive ability that everything depends. To the diffi- 
culties and responsibilities of the work, are added the deadly 
dangers of fatigue and exposure in a malarial climato. 
An active military campaign is a less perilous undertak- 
ing than a summer on the improvement works ol the lower 
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Mississippi to an nnacclirnatcd white man. Brave men who 
thus take their lives in hand at the call of doty, deserve not 
only the thanks of their countrymen, but substantial recogni- 
tion by Congress and the government. 
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FHOM THE SOUTH AVKRHMS HKVIKW, VAUCll, 1SB3, 

Tlit- Mississippi River Commission was created by Act of 
Congress, approved Juno 2S, 187i>. It consists of seven mem- 
bers, appointed by tbo President, of whom three are required 
to be from the Engineer Corps of the Army, one from the 
Coast and Geodetic Survey, and three from civil life, of whom 
two shall be civil engineers. It is provided hi the act that 
the commission shall — 

Take into (tiiisiiliTtilioii and mature VW& [>)nn or pluns nnd estimates us 
will correct, pennant-. illy locate*, ami deepen the channel and protect the 
banks of Ine Mississippi Hiver; improve- aril Rive safety and ease to the 
navigation thereof, prevent destructive floods, ami promote and facilitate 
commerce, trade, and the postal service. 

The eommisKOH was duly organised, and, after considera- 
tion of the subject, reported a plan of improvement, which has 
been adopted by Congress, and for the execution of which an 
appropriation of $1,01)0,000 was made by Act of March 3, 
1881, and another of §4,123,000 by Act of August 2, 1882, 
all to be expended below Cairo, Under these appropriations 
the work is now in progress, its execution being in t] 10 
hands of officers of the Engineer Corps detailed for that 
purpose by the Chief" of Engineers. Its completion, accord- 
ing to the plane proposed, will require a number of years, and 
further large appropriations. There is added, therefore, to 
the interest which belongs to the subject as a great engineer- 
ing problem, that which attaches to every object ol public 
expenditure. 

It is the purpose of this article to set forth briefly the 
general plan proposed by the commission, and the reasons 
Upon which it rests. In order to a clear apprehension of the 
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questions involved, a short description of the river in ita 
unimproved condition will be found useful. 

Ar. tin.' city of Cairo, upon the southern extremity of the 
State of Illinois, are gathered together the waters of five great 
rivers, viz.: the Missouri, the Upper Mississippi, the Ohio 
tjve Cumberland, and the Tennessee. Between thai point and 
the Golf of Mexico, lies the Mississippi River proper 1 097 
miles in length its it flows. Its course is through an alluvial 
plain, sis hundred miles long and from twenty- tire to eighty 
miles wide, in this basin is embraced an area of 41,000 square 
miles, of which 32.000 square zniles are liable to overflow. 
Borings made at eighty three places between Cairo and 
Vicksburg show one hundred and thirrv-mie feet mean depth 
of alluvial soil. From Oairo to the mouth of the Rail, the 
width of the river between banks varies from 1,300 to 13,800 
feet, the mean being 4.4oo feet. Below the Red the width 
rarely exceeds 3,500, the mean being 3,350. Between Cairo 
and Memphis its least depth at low water is five feet ; between 
Memphis and Bed River, six feet ; and between Red River 
and New Orleans, fifteen feet. The variation in iis discharge 
is enormous, passing from 100,000 cubic feet per second at 
low water to 1,800.00" at the highest, flood. The range 
between bigh and low water mark at Cairo is titty two feet; 
at Memphis, thirty-five teet ; at Vicksburg, fifty -two feet; 
and at New Orleans, fourteen feet. In its greatest floods its 
water surface stretches from hill to hill, across the entire 
valley ; at extreme low water, it ilows between banks from 
thirty to forty feet high. The depth of its inundation bears no 
comparison with its area, being, on an average, less than 
three feet, over the arable landp. In the swamps it is much 
more. Its flood elevation at Cairo is three hundred and 
twenty-two feet above the sea. Its fall from Cairo to Mem- 
phis is about six inches to the rune. Thence to the gulf its 
fall steadilv diminishes, being about one and a half inches per 
mile at New Orleans. It is one of the muddiest rivers in the 
world. The greater portion of the sediment received by it at 
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Cairo comes firom the Missouri, but. t)ii« supply is constantly 
reinforced by the caving ai its* own bank*, which ore washed 
into the river at an estimated rale of 5,000 acres per annum. 

Alt [linns for the improvement of the Mississippi that have 
been prominently discussed peel upon one of two theories : 
one, that the rented; for the evils existing consists, essen- 
tially, in the concentration of the water of the river and the 
equalization of its flow ; the other, that it consists in the sub- 
division and diffusion of its volume. 'Die former theory is 
the one held by the commission and adopted by Congress, 
though the other has advocates, whose views continue to ho 
urged in Congress and through the press. 

There are numerous opportunities to let out of the channel 
of the Mississippi large portions of its water. The Atcha- 
falaya, which receives its water from the Red River, at a point 
only six miles distant from the junction of that river with the 
Mississippi, is there several feet lower than the Mississippi. 
At the present time the water of the Red rarely reaches the 
Mississippi at all, but, for the most part. Hows down the 
Atchafalaya, augmented by a large How from the Mississippi. 
It is only when the Red is high and the Mississippi low, that 
there is any How from the former to the latter. The differ- 
ence of level between the Mississippi and the Atchafalava 
increases as they descend, so that at Plaipiemine the difference 
is twenty-two feet, and the distance betwen them eleven miles 
On the east bank, at Bonnet Carre, the difference of level 
between the river and Lake Ponchartraui is twenty feet and 
the distaneo between them live miles. At Lake Borgne the 
difference of level is fourteen feet and the distance six miles 
So that it is quite possible to make outlets by which the flood- 
water, or, for that, matter, all the water of the Mississippi, 
OOUld tind its way to the gulf by shorter lines and lower levels 
than those of the present river. And when men stand appalled 
at the sight of its devastating floods, the suggestion of cpiirk 
relief by outlets Been is at first sight so practicable and 
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reasonable that, it is not strange that it should tind favor in 
many minds. 

The reasons which Ho against this t henry require some 
thought tor their clear apprehension, but rest, as is believed, 
on well ascertained laws. 

The three most difficult factors in the problem arc, the wide 
variation in the volume of the river's discharge, the quantity 
ot solid matter transported by its current, and the softness of 
its bunks. If any one ot these three elements were absent, 
the questions presented would be comparatively simple. 

To contain the river at its flood requires a great channel. 
Its banks are so friable that its constant tendency is to make 
itself room by tearing them down. "When the Hood subsides 
the materia! of which they were composed is found scattered 
over the broad channel in Distracting bars and shoals. Over 
and among those the low-water river has to make its way by 
such tortuous and changing path as it can find or make for 
itself. It is then that navigation becomes difficult and dan- 
gerous. There is water enough in the river at its lowest stage 
to furnish ample depth for navigation, if it were confined in a 
channel of suitable width ; and it would make and maintain 
rnich a channel for itself, if it were not. for the interference ot 
the floods. 

The problem oi the river's improvment comprehends, there- 
fore, in its broadest sense, these two requisites— a high- water 
channel capacious enough to contain its floods, and a low- 
water channel narrow enough to afford the depth necessary 
tor navigation. And the more nearly identical in location 
these can be made, the more permanent and perfect will be 
the improvement attained. 

In the consideration of any plan for the accomplishment of 
these ends, it is to be remembered that there are very rigid 
limits to the possibilities of engineering methods applicable to 
the case. To build upon a foundation of bottomless alluvium 
any break- water or training- wall of stone or timber, that shall 
withstand the floods that pour down from the north like an 
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ocean let loose, is impossible. To dig anil keep open a 
than nel for a river that flings down in its own pathway a sand 
bar a mile square as though it were a handful oi ashes, is 
equally impossible. Hence, if at any point a deeper channel 
is needed, tlic river must he compelled to digit; if a new 
bank is needed, the river in ust be coaxed to build it. Its own 
TitMiic hdOud are the only ins! rumen ts equal to either task. 

If any one will set a ttmiblertnl of the coifco-colored water 
uf the Mississippi where it will remain undisturbed for twenty- 
four hours, he will find, at the end of that time, a fceaspoonral 
of mud iu the bottom of the tumbler, while the Witter will be 
comparatively clear, if he had kept the water in motion all 
the time lie would have found it as turbid as when be took it 
from the river, and no deposit at the bottom. In this tiny 
experiment is illustrated the most important law af the Missis- 
sippi River's life, viz.: that the power ot water to sustain and 
transport sediment depends upon its motion. The exact 
relation between the velocity of moving water and its silt-car- 
rying power is not asertained. It varies with the size and 
specific gravity of the particles. Hut enough is known to 
warrant the general statement that every diminution of the 
velocity ot a running stream diminishes its silt-transportine 
capacity. It is not necessary, in order to produce this result 
that there shall be a cessation of motion in the water* 
diminution of its rate is sufficient. 

The operation of this law is universal and invariable, on the 
largest scale and on the smallest. The miniature torrent that 
sweeps down the plowed furrow in a hill-side field scours its 
bed clean as long as it maintains ils headlong velocity. Bui 
when it slackens its course at the toot of the slope, it throws 
down its load ot sand and loam in an instant. The delta 
which tonus at the mouth of every sediment bearing river is 
the same phenomenon on a larger scale. 

Upon the Mississippi River th,. traveler is never for a 
moment out of sight of visible evidence of the operation of 
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this law. The following examples will be familiar to any one 
who has been upon it. 

In the outer curve of every bent], where tlie current is 
swift mill .strong. Hie channel is deep and clean. On the 
inner .side of the return curve there is .slack water and a bar. 
Wherever the channel is narrow and deep, there is a high 
velocity and no deposit of sediment. Where it is excessively 
broad and shallow, bars amimnmbUe rapidly. 

At a bank tvdl stage the river has a vapid current and is 
heavily loaded with sediment. At the. overflow stage the 
water escaping laterally over the banks is suddenly checked 
in its velocity, and immediately begins to drop its load, leav- 
ing a di mi idshing deposit as it recedes. To this layer the next 
florid adds another, each being thickest at the margin next the 
river, where tiie escaping water experiences the first diminu- 
tion of its velocity. In this way the river builds up its own 
banks by overflow ; and in consequence of this method of 
building them they are highest nearest the river, the receding 
declination sometimes reaching twelve feet in a mile, and 
being rarely less than five. 

following the course of great overflows through the forests 
adjacent to the river, the observer will find on the farther side 
of trees, logs, and other obstructions, sand reefs and areas of 
deposit marking every place where the advancing water was 
checked in its velocity. 

It occasionally happens that the river cuts off a long bend 
by a short channel across its neck, leaving a horseshoe-shaped 
Bection of the old channel unused. At the open ends of this 
abandoned channel the water in it mingles with the current 
tlowing past, and so lias a gentle inward and outward flow as 
the river rises and falls. The consequence is a deposit of 
sediment at the entrances of the abandoned channel, by which 
they are ultimately tilled up and cut off entirely from the new 
channel, forming deep, clear, crescent-shaped lakes. There 
are many such lakes in the valley, some of them now several 
miles from the river. Such a cut-off occurred at a bend 
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opposite Vieksburg in 187G, leaving the city upon one arm ol 
the abandoned bend. The lower end of that arm is already 
tilled tip to the height of twenty-five teet above low water, 
and fifty feet above the old bottom, leaving the city's wharves 
and elevators a mile am) a half inland at ordinary and low 
stages. 

By shifting* of the channel, the formation of inlands, and 
Other causes, the subsidiary channels, called chutes, are formed 
in large number. If a swift current set through g chute, it. 
enlarges; if a sluggish current flow through it, it fills with 
sediment. Sloughs and outlets leading out of the river into 
the swamps, in which the free flow of water is obstructed, by 
willows, arc often permanently closed in the Battle manner. 

As the river elongates its bends by caving off the i inter bank, 
there is commonly formed a sloping bar on the. inner bank, 
which advances as the outer bank recedes. As last as this 
bar rises above ordinary low water, it is covered by a growth 
of willows. At high stages, the water flowing over the bar is 
obstructed by this growth, and successive deposits of sediment 
are thus caused, which ultimately build the bar up to the full 
height of the adjacent hanks. By this process the river shifts 
its channel, tearing down one bank and building up the other 
as it goes. 

Some of the methods of channel improvement now in use 
have been copied from the processes ot nature just described. 
When it is sought to narrow an excessively wide channel, per- 
meable screens, made of piles and interwoven brusb or poles 
are set on the bar where it is desired to form new banks at 
intervals of a thousand feet or less. The water, in flowing 
through these screens, loses so much of its velocity that itdrona 
its sediment very rapidly after passing them. The effect pro- 
duced by Bach structures is sometimes quite remarkable. In 
favorable localities a fill of forty feet in depth lias resulted in a 
single season. At Horsetail Bar, below Si. Louis, may ho 
seen an area ot more than a thousand acres of land, which bus 
been built up from the river-bed to an average deptb of twenty- 



QCTXETS, 39 

five feet by the means just described. A maw lino of piles, 
eight feel apart, will often produce a heavy deposit belowthem. 

These numerous examples have been cited in order to illus- 
trate and enforce the proposition stated at the outset ; that the 
greatest law at the river's life is that it shall be forever laden 
with u burden which slips from its grasp the instant it loiters 
by the way, The whole valley is itself tin- result and the 
proof at' the existence and the operation of this law. There is 
not a shoveitni of earth in all its square miles that lias not been 
dissolved in water, and carried by water to the point where 
its journey ended for want of velocity t<> carry it farther. 
Every grain ot santi. every drop of water, every inch oi move- 
ment, every low stage, every high stage, every Hood, is equally 
obedient to the same great law. The engineer who has learned 
its meaning well has taken the first step toward a successful 
solution oi the problem of the river's improvement. He wlio 
ignores or defies it puts himself in the pathway of forces as 
irresistible in their operation as the march ut a glacier. 

This brings us to the practical question. Here are so many 
cubic miles of water per annum to he conducted to the sea. It 
is desired to <lo it in such manner as to afford the best possible 
low-water navigation, and the least possible high-water inunda- 
tion. Shall it. be confined in its course to one channel, or shall 
it be subdivided or allowed to subdivide itself into several 'I 

Tin' excavation ol a river channel is work. The transporta- 
tion of sediment is work. The accomplishment of either in- 
volves the expenditure of energy- So that it is hut another 
statement of the same question to say : How will a given quan- 
tity of water perform most work -in one concentrated volume, 
or in subdivisions { 

To this inquiry the experience ot every person furnishes a 
ready and true answer. A gentle rain, felling on the earth's 
Surface, leaves its lightest Fegetahle mold undisturbed. The 
same qnanty of water, descending in a rcater&pant, tears away 
Its solid liills. The water which trickles over a field through 
thousands of infinitesimal and broken channels, without pro- 
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dticiug the least abrasion of its surface, would, if concentrated 

in one volume on the same surface, plow it deep ami wide. 
There is nothing else in nature of which it is mo literally and 
familiarly true that "in union there i.s strength,." us of water, 
Subdivided finely enough, it i* the morning mist; concentra- 
ted largely enough, it is nature's master mechanic, tlm couti- 
uent-bnildcr of the world. 

Taking its whole life together, there is, in the phenomena of 
the Missisippi River, as elsewhere, a perfect correlation of 
forces. It does all the work it can all the. time. It excavates 
its bed as deep and wide as it can. It carries out of \\s chaii- 
nel as much of the sediment mixed witli its water as il can. 
When it drops from its broad shoulders a hundred thousand 
cubie yards ot sand on one bar, as it often does, it is because it 
can carry it no farther. It never drops a spoonful except tor 
the same reason, 

All the conditions of the river are the result ot its own 
torces. It has no antecedent banks, bars, width or depth ; all 
these are its own creation. It made yesterday the things that 
make it to-day ; it is making to-day the things that will make 
it fin-morrow. Its present inadequacy to meet the wants of 
men is the result of its inadequate work in the past. It over- 
flows its banks because its channel is not capacious enough to 
contain its flood. To make its channel more capacious re- 
quires more work. At low water it stumbles over bars which 
it lacks strength to displace. To remove them requires more 
work. It nmkes its shoal places shoalcr by the deposit of sed- 
iment which it wants energy to carry farther. More work 
would do it. So that if the river ot the future is to subserve 
the interests of mankind better than the river ot the present 
the river ot to-day must he induced to do more and bettor work. 
This is to be accomplished by the conservation, concentration 
and wise direction of all its energies. That this moans the 
conservation, concentration, and wise direction of its volume 
seems too obvious to need repetition. 

Depletion, «v subdivision, is a step in exactly the wrong 
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direction. It is a change toward weakness ; m i| ti .ward strength. 

An outlet may serve to lower a flood for tlie time being, but 
the result is a temporary advantage gained tit enormous future 
coat. Tiie diminution of volume produced by the outlet means 
diminution of energy. It means a smaller, weaker river from 
that point to the *u:i. And that means a river less able to 
remove bars, less a hie to excavate a channel, less able to carry 
sediment, less able to contain i Hood. 

It is in the nature of things that each portion of the river 
shall, in its hmi, bear the burden of the Complications above 
it. The bars that obstruct it came down from above. Hence, 
there is the clearest necessity that it should, as in the order ot 
nature it does, augment its strength as it descends. An outlet 
reverses this order of nature and of reason, ft diminishes the 
energy of the river below, without lightening, in any like 
degree, the burdens cast upon it by the river above. 

It is not possible, without accurate and expensive observa- 
tions and measurements, to trace all the injurious effects of an 
outlet upon the river below. Hut enough is visible to common 
observation to show the unvarying operation ot the laws stated. 
At its mouth the Mississippi has tried the outlet system of its 
own accord, by subdividing into four distinct channels. From 
New Orleans down to the widening of the channel, preparatory 
to its subdivision, it has nowhere less than a hundred ieet of 
depth. In its four subordinate channels the depth rarely 
exceeds fifty feet; and at the mouths of all, except the one 
improved by the jetties, it is about sixteen feet. Suppose the 
same subdivision bad taken place two or three hundred miles 
higher Dp, would not like results have followed in the channels 
below) 

Outlets in the form of great crevasses have frequently 
occurred. They are always followed by increased deposits in 
the bed below them. 

< 'lianriels conveying unltlten-d Mississippi water invariably 
contract their dimensions to the smallest space that will con- 
tain the water flowing through them. The law governing chutes 
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has been stated already; — a swift current keeps them open ; 
a sluggish current tills them op with sediment. When an 
island appears in the center of the river, it is rare that a good 
channel is maintained on each side of it. Something will 
Occur to disturb the eijiiilibrum between the two ; one will begin 
to rob the other of water; whereupon the other will begin 
to HI) witli sediment, — 8 process which increases* in vapidity as 
the disproportion of flow grows greater. 

At the mouth ol the lied River is a remarkable illustration 
of the same law. The lied formerly entered the Mississippi 
at the apex of a bend. In 1831 the bend was cat off, For a 
time the Bed used the upper arm of the bend as its channel 

during which time it rapidly contracted to the dimensions suit., 
able for the conveyance of the water of the Ked Kiver alone* 
while the lower arm of the bend closed up entirely. Afterward 
the Red abandoned the upper arm of the bend, and (nit a 
channel just large enough lor its own flow through the lower 
one; whereupon the upper one tilted up. Later, (he enlarge- 
ment of the lower Atebafalaya, whose head is in the apex of 
the old bend, near the original mouth of the lied, produced an 
active outflow from the Mississippi, which has been already 
described, and, in consequence, the channel is now enlarging 
So that, in the space of six miles, between the Mississippi and 
the head of the Atchuf'alaya, there have been, within fifty vears 
past, first, a Mississippi channel 3,SO0 feet wide, and probably 
sixty feet deep; then a dry bar - then a Red River channel 
three hundred feet wide and ten feet deep ; and now a rapid I v 
growing outlet. 

The use of thi! word ■' im filtered* 1 in the general statement 
above is material, anil marks an important distinction, 'p| K , 
statement is not true ol a channel conveying clear water. The 
Yazoo River is one of this class. There was formerly, at 
Yazoo 1'ass. nearly opposite Helena, an outlet which diverted 
a large volume from the Mississippi into the Yazoo, which 
that river returned to the Mississippi at Vicksbnrg. By this 
means the channel of the Va/.oo was excavated deep and' wide. 
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The pass was closed a number of years ago. Since then the 
ehiet water-supply ol the Yazoo has come from the swamj)- 
tl rains, which discharge clear water, nnd from Mississippi over- 
flows, which are thoroughly filtered by the woods and swamps 
througn which they travel before reaching it. So that we have 
to-day in the Yazoo a clear-water stream, flowing with alow 
velocity through a capacious channel which does not percept- 
ibly decrease in size. No such result ever occurs in the ease 
of water charged with sediment. 

Nature has made the channel of the Mississippi of increased 
capacity for discharge as it descends. The permanent diver- 
sion of ft substantial portion of its water by outlets will reverse 
that order, and si i rink the channel below them to the size 
required by the diminished river. This shrinkage will take 
place first by decrease ol depth, as the depositing sediment 
falls to I lie bottom, ami thus the interests of navigation will be 
the first to sutler. Hut the mischief will not stop there. When 
the river and the outlets shall have adjusted themselves to the 
new conditions created, they will, all together, he less able to 
discharge a great flood than the unimpaired river was alone; 
and there will be no place for it to find vent except over the 
shallow rim of the shrunken channel. 

It is not within the purpose of this article to describe in 
detail the methods by which it is proposed to execute the 
general plan of improvement recommended by the Mississippi 
River Commission. Suffice it to say that the retention of the 
river's water in one. undivided vohuue is the cardinal principle 
ol the plan \ and that it is proposed to seek tin* i.-nd by such 
means as will introduce the fewest, artificial conditions into the 
river's life, and apply most economically and eflectually its 
its own forces to the work of improving its own channel. 
These consist chiefly In the closing ot chutes and outlets ; the 
contraction ot the channel in places when.- it is evcessively 
wide, by the creation of new banks from deposited sediment; 
and the revetment ot banks where caving is exceptionally 
rapid and injurious. 
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The building of the jetties has transformed New Orleans 
into a groat sea-port. Fifteen linos of steamers are now em- 
ployed in her foreign trade. Ki>r the yew ending Jons 30, 
1883, she was next to New York in value of exports, and 
ranked third in total foreign commerce ; the amount pi the 
latter being §104,7U4,<J7<>. Toward this gate-way of tin; outer 
world the Mississippi, with its two thousand miles of main 
river and ten thousand miles of navigable tributaries, is tint 
natural internal highway. The five feet low-water <;harmel 
over its bars, which, like the canals of a generation sign, sut- 
fieed to meet the wants of commerce in years past, is wholly 
inadequate for present needs, much more for those of the near 
future. Recognizing these facts, the United States Govern- 
ment has undertaken to deepen and improve the channel of 
the Mississippi River. For the accomplishment of that end 
a plan has been adopted, and is now in course of execution. 
The salient points of that plan may be stated as follows: 

To utilize the scouring power of the river for the [impose of 
cutting away the bars that obstruct navigation ; to apply the 
energy of the river to this work by narrowing the channel 
over the bars, and thus concentrating its current upon them, 
obstructing bars being uniformly coincident with excessive 
width in the present riverbed ; to prevent tin- re-formation of 
bars by protecting the caving banks above them, from which 
most of their constituent material U taken; to preserve the 
energy of the river, unimpaired by outlets or subdivisions of 
its present volume. In a former number of the \U.\ i kw i March 
1883,) were presented some considerations in support ot the* 
theory of concentration as opposed to that ot diffusion by out- 
lets as a means of improving the channel of the river. The Me 
need not be repeated here. 
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Assuming it to be sufficiently astablished for the present 
piiqwse that it is necessary for the preservation, and much 
more for an increase, of the river's present low-water depth 
that at all ordinary stages it shall flow in one undivided chan- 
nel of as uniform width as is practicable, there remains this 
further and important question, wss.; Is it also in accordance 
with sound principles of engineering, and will it be in like 
manner conducive to the improvement of the river, tu con tine 
its flood volume in the same channel by artificial additions fca 
its natural banks ; 

In the study of tin's, as u! all other questions relating to the 
Mississippi, the river itself is the best teacher. It is, and 
must always remain, a self-made river. If we can discover the 
baeane by which its channel has been made as good as it is, we 
shall have the surest indication of the means by which it mav 
be made better. It is an obvious proposition that these means 
aiv all comprised in scour at the bottom and bank building at 
the sides. It is also obvious that some extent ot bank build- 
ing nmst precede any considerable excavation by scour. A 
thin, uneoniiiied sheet, of water lias little or no scouring power. 
Hank building takes place by the deposit of sediment in time 
of overflow, each flood adding its contribution to the pre- 
existing bank. It is impossible, however, for water to carry 
a deposit of sediment quite to the elevation of its own surface- 
So that a flood of given height can not build banks hHi 
enough to confine a succeeding flood of equal or greater 
height ; hut it may carry them high enough to confine suc- 
ceeding floods of less height. As matter of fact, while the 
Mississippi River is constantly fluctuating in its stage, com- 
paratively tew of the rises which occur in a year, and rarely 
more than one, go over the natural bank. For the most part, 
the stream flows, rises, and tails between batiks built tor it by 
past floods. These, we will assume, the river has carried to 
the full height of its unaided arm's length. It is proposed 
now to niake an artificial addition to them in the form of 
levees. Tins will do for the greater floods exactly what the 
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greater floods have already done for 6»e lesser, — confine them 
within a defined channel. Such an addition in tin- natural 
bank is plainly a mere continuation of the very process ot 
channel construction by which the present river bed ha* boon 
made. It is hut the (hushing of the river's own unfinished 
work- And it it be a fact that the present magnificent chan- 
nel, scarcely second to any m tlie world for naviga- 
tion, has been created solely by the energy of the water 
flowing in it, will not an increase of that energy by increase 
of volume and depth necessarily increase the river's capacity 
for work, and so result in a deeper ami better channel i 

There is no doubt that the ability of Hie Mississippi River 
to maintain its normal bank height has been greatly diminished 
by artificial causes. Before the advent of civilized man in it* 
upper valley, every forest, swamp, and grass covered prairie 
helped to hold back the rain-fall. The effect of clearing, 
draining, and cultivation has been to send the surplus water ot 
that vast region into the lower river in sudden, short-lived, 
enormous floods, Furthermore, in a slate of nature, the banks 
of the lower river were everywhere covered with a dense mass 
of vegetation, which formed a perfect filter for separating the 
fiediraent from the overflowing water, and also furnished great 
protection against caving. Now they are occupied in largo 
part by cleared fields, over which the flood water passes with 
comparatively little loss of sediment, and winch wash into the 
river easily and rapidly. So that it may ho said with truth 
that the artificial addition of a few feet to the present natural 
bank is scarcely more than the river itself would accomplish 
by natural agencies but for the interference of man. There is 
evidence tiiat the Mississippi had once a narrower channel and 
higher banks than at present. As a rule, the ancient, crescent- 
shaped lakes in the valley, which, it is certain, were formerly 
parts of the river bed, have banks higher than those of the 
present river, with intervening width considerably less. 

There is another consideration of different, but not loss 
important, character. The fluid which fills the channel oi the 
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MisHtssippi is nut, as we are apt to assume, water merely, but 
a mixture of water and soil,— a fact wliieli can nut be left out 
of wight for a moment in studying the phenomena of the river. 
From this flowing mixture, the soil tends constantly to sepa- 
rate. F.very diminution ot its velocity result* in a deposit of 
solid matter at the. bottom. Unrestrained overflow tends to 
produce diminished and irregular velocity in tin* main channel, 

and mo in HI! it up with sediment 

Tlic grand alluvia! basin of the lower Mississippi lies in four 
natural subdivisions, knows respectively as the St. Francis, 
the Yazoo, the Tensas, and the Atchatalaya basins, or fronts. 
The general surface elevation of each of these basins is lower 
than that of the immediate banks of the river. The water 
which escapes across the upper portion of the 9fc Francis front 
during an overflowing flood, fills lip that basin and flows down- 
ward through it until it meets the high lands which touch the 
river at Helena, where it is forced back into the river. In like 
manner, the water which escapes across the Yazoo front is 
forced into the river again by the bluffs at Vicksburg, There 
result, in consequence, first, a division of the river's volume at 
the head of each basin, by which its velocity and energy are 
diminished ; and second, an enormous accumulation of water 
at the foofrof each basin, by which its flood level is raised .to 
an abnormal height. 

The great floods of 1**2 and 1883 presented in this respect 
a remarkable contrast. That of 'S2 had free access into the 
Yazoo basin through numerous gaps in the levees. Prior to 
the flood of »8S, these were repaired so tar as to exclude the 
latter flood almost entirely. During the flood ot '82, the 
maximum stage at Cairo was 51.87 feet above low water ; at 
Memphis, .'15.15; at Vicksburg, 48-75. During the flood of 
'83, the maximum at Cairo was 51.00; at Memphis, 35.11 ; at 
.Vicksburg, 43.80. Thus, while the two floods reached almost 
exactly the same height at Cairo and Memphis, the second fell 
off 4,!>5 feet at Vicksburg. The difference is very significant. 
A reduction of five feet in Mississippi good level means a 
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great deal. At the maximum stage of '82, the river was 
thirty miles wide at Vicksburg : tit that of *83, it was almost 
within its brinks. Tin* former flood exhibits tin* action of a 
slowly moving lake; the latter that of a running river. One 

flowed steadily toward the sea ; the other loitered about over 
eight thousand square miles of hunt. After passing Vicks- 
burg, the flood of '83 remained substantially within banks to 
the Red River, The season following was one of unusually 
low water. In the upper parts of ttie river, where the over- 
flow had been greatest, many bars showed only six feet of 
depth, and some only five. But from Vieksburg down there 
was abundant and unusual depth throughout the season, no 
bars showing less than ten feet. The scouring force of this 
one partially confined flood seems to have produced a marked 
imju'ovtnent through one hundred and sixty-eight miles of 
channel. 

The unrestrained overflow of flood-water is also accom- 
panied by constantly recurring local variations of velocity and 
direction in the main elianne!. Some parts of the bank are 
lower than Others : somfl cleared .smooth, others covered with 
timber; some furnish, open pathways to capacious reservoirs 
or bayous, .ithers do not. So that the quantity of water es- 
caping from one part of the river may be very great ; from 
another part, a few miles Wlow, very little. These irregular 
discharges produce corresponding fluctuations in the velocity 
and direction of the current, and consequent retardation of 
flow and deposits of sediment. 

An overflow through a series uf crevasses located not far 
distant from each other is substantially like an overflow across 
the natural bank. The chief difference is that in the former 
ease the sections of discharge are more sharplv defined than 
hi the latter, where there is likely to bo a thin sheet running 
over ft Considerable portion of the entire front, with large dis- 
charges at bayous or depressions in the surface. During the 
flood of '82, a group of four crevasses occurred on the Yazoo 
front within a space of eighty miles, the upper one being at 
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Malone's Landing, sixty miles below Memphis, and the others 
at Riverton, Bolivar, and Mound Place, respectively. The 
river along this front had been carefully surveyed during the 
months of January mid February of that year, and its depth 
and cross section at all thosn points, very shortly prior to the 
outflow, were accurately known. In October following,— the 
outflow having occurred in the meantime, — -a re-survey was 
made of the river opposite an d several miles below each of 
these crevasses, for the purpose of ascertaining what change, 
if any, had been prod need by them. The results showed 
a marked tilling up of the bed in every east?. At Malone's 
Lauding, a small crevasse, the fill amounted to tour per 
cent, of the entire channel space ; at Riverton, to fourteen ; 
at Bolivar, eleven ; at Mound Place, twenty-four ; being an 
average of thirteen per cent These overflows, being circum- 
scribed in extent and largo in amount, produced correspond- 
ingly great shoaling* of the water-way within like short spaces. 
Tf the same amount of overflow had been distributed over a 
longer bank front, it is probable that the resulting impairment 
of the channel would not have been so great at any one place, 
or so easy to ascertain and measure ; but that the tendency 
and consequence of it would have been the same in kind, seems 
a very obvious inference. 

During the years 1883 and 1 883, systematic observations 
were conducted by the Oovermnent at several stations on the 
Mississippi, to determine its depth, cross section or vertical 
water area, mean velocity, and discharge, besides some other 
matters not material here. In these observations may be 
found some striking illustrations of the tendency of an alluvial 
stream to obstruct its own path during overflow. At Clayton, 
Iowa, where general overflow begins at the fourteen feet stage, 
observations taken during the flood >>!' October, 1881, showed 
that at that stage the velocity of the current, which up to that 
time had increased as the water rose, suddenly ceased to in- 
crease, and remained substantially unchanged until the rise 
reached its maximum ot eighteen feet, seventeen day* later. 
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That is to say, the river ruse four feet above its bants 
without any increase of velocity in its current. 

Like observations taken at Grafton, 111., during the flood of 
April and May of the same year, showed that as the river rose 
above its ordinary stage, the velocity oi its current and the 
amount oi water discharged increased in the usual accelerat- 
ing ratio until the stage oi general overflow was reached. At 
that point the velocity and discharge ceased to increase, and, 
during the last two feet of rise, both actually diminished. To 
bo exact, on April 23th, the stage was 8& if ft., cross section 
fi7,545 k<j. ft, mean velocity 4,5!>4 ft. per sec, discharge 
310,300 en. ft. per see. ; while on May «th the stage was 34.1(3, 
cross section 73,095, velocity 3,859, and discharge^ '284,405. 
That is, the river ran with nine inches per second less 
velocity, and discharged nearly twenty six thousand cubic feet 
per second less water at its hignest stage than when two feet 
lower. 

At Play's Landing, Miss., the gauge reading March 20, 
1882, was 38,58, cross section 172,105, mean velocity 5.44. 
discharge JWuVJW. Ten days afterward, when the river had 
passed from general overflow to hank-full stage, the gauge 
reading was 34,14, cross section 167,3!W.>, mean velocity 0.2ti, 
discharge l,(M9,000. That is, a fall of four ami a half feet 
from the maximum, which brought the river within its banks, 
increased its velocity eight-tenths of a foot, and its discharge a 
hundred and twelve thousand cubic feet, per second. 

In April, l.ssi, an unusual flood occurred in the Missouri. 
It originated above Sioux City, and was not augmented by any 
11 Is from its tributaries, below. For a distance of five hun- 
dred miles it covered the valley from blufl' to bluff. There was 
nothing to retard its progress, except such obstruction as it 
created itself. Nevertheless, its velocity so slackened as it 
ii is! above its hanks, and its rise so increased an its velocity 
slackened, that it reached a height at St, Charles three feet 
above its relative height at Sioux City ; whereas, the normal 
course of a flood is to diminish in height above the low water 
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plane as it flows downward. It was observed, also, that the 
amount of water discharged was less than that which the river 
was accustomed to discharge at a height seven tect below that 
of the flood, and within tbe hanks. 

It is to be remembered, ot course, that in the prodoctioo of 
such phenomena a* these many forces may co-operate, and 
they should not be hastily ascribed to a single cause. But it 
is obvious that in each of these cases there was a choke oi 
some kind in the river. There was no visible obstrnction in 
any of them to create it. It was coincident with general over- 
flow, and did not: appear at any other stage. The interence 
from these ci renin stances alone, that it was in some way 
caused by the overflow, is by no means illogical. But there 
are better grounds for that conclusion than mere coincidence. 

A stream of water loaded to its full currying capacity with 
sediment, is exceedingly sensitive to change. The particles of 
Bediment swim by means of their friction. Two particles that 
can barely swim separately will sink ii brought in contact, 
because the contact reduces their aggregate frictiomd surface. 
In falling, the.y will carry down myriads of other particles that 
can barely swim. So that the lea^t halt in the great proces- 
sion of particles precipitates part of its constituent member- 
ship to the bottom. There they create an obstruction which 
prolongs the halt ; the prolonged halt increases the obstruc- 
tion, and so on, each condition reacting upon the other. The 
result is decreased velocity and increased rise in the stream. 
Just how slight a cause may start this train of causes, it is 
impossible to tell. 

The Mississippi River at Cairo knows nothing ot the Gulf of 
Mexico. It does not flow from love of motion, but in search 
of rest. Its condition of rest is levelness ot surface. Confined 
in a narrow, descending channel, if can find no rest until it 
dies in the ocean. But when it overtops its banks there is 
comparative rest nearer at hand. It becomes a river flowing 
through a lake. Its buried channel no longer compels it to 
seek its level in one direction only. It may seek it in any 
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direction and over thousands of square miles of surface. 
Moreover, the multiplied curves of the buried channel often 
lead in directions inconsistent with the general dope of the 
valley. Ami BO, when the valley is turned into a lake, the 
slope of the lake surface will sometimes harmonize with, and 
sometime* contradict, the slope which the river had when 
within its banks. Amid these complicated conditions, the 
Water pursues its unvarying purpose to seek its level on all 
sides, aim .-.> l'n.vvs in whatever direction, and with whatever 
speed, tend most to that end. These considerations alone 
will go far to account for the piling up of a flood by wide- 
spread overflow. Thicken the water with sediment, and such 
a result ceases to be surprising. 

Levees have not been constructed heretofore for the purpose 
ot channel improvement. But they have been in use from 
time immemorial, and in many parts of the world, tor protec- 
tion against overflow, and have in many instances produced 
an unintended deepening oi the channels between them. 

Red River, from Shreveport to its mouth, flows by a 
crooked channel through an alluvial basin like that of the Mis- 
sissippi, and is a stream of like behavior with the main river. 
A few years before the war its levees were made complete and 
continuous on both sides tor a distance oi two hundred miles 
above Alexandria. Their effect in deepening the channel was 
so marked and immediate that in a few j cars such floods as 
had formerly overspread the valley for miles, found mom for 
discharge within the banks, and rarely readied the levees at 
all. Elsewhere, the shallow channel remained and (he river 
overflowed as before. 

The Lafourche is a bayou heading in the Mississippi at 
Donaldaonville, seventy -seven miles above New Orleans, and 
flowing thence through the Atchatalaya basin to the Gulf. Its 
upper portion, for a distance of some sixty-five miles, has been 
leveed for sixty years. In its lower portion, overflow is unre- 
strained. Its upper portion has maintained its depth unim- 
paired. In its lower portion the deposit of sediment has so 
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raised its bed and obstructed its discharge that it has become 
necessary to build the levees, at and near their tower termini, 
higher and higher in order to resist the floods, until now they 
extend eight feet above their original height ; while those 
above, where the stream has been kept within its channel, 
remain as they were fifty years ago. 

Abroad, the Po, the Rhine, the Seine, and the Thames may 
be cited as examples of rivers whose channels have been inci 
dentally deepened by means of levees erected tor protection 
against overflow. The bed of the Po in the neighborhood of 
Pouts Lagoscuro, where accurate data have been preserved, 
has been lowered one foot within the past century. The 
levees on the lower Thames were erected about 1767. By 
1802 the channel depth between them had increased six feet. 

The improvement to be expected from the maintenance of 
levees will be the result of an increase in the rivers effective 
force as a whole. Jt will therefore be general in its character 
and gradual in development, and will not obviate the neces- 
sity of works placed in the channel to preserve its banks and 
cut down its bars. It is in connection witli these, and as part 
of a complete and logical system of improvement, that they 
have their proper place. 

An important distinction exists between the ordinary tiouds 
of an alluvial stream— that is, those which occur with a 
degree of regularity from year to year- and its extraordinary 
floods, which occur only at irregular intervals. The former 
are part of the river's normal life ; the latter are not. In the 
work of channel formation, the ordinary flood is the determin- 
ing force. It is that by which and to which the river shapes 
its bed as nearly as it can. Therefore, if we can control and 
utilize the whole force of the ordinary flood in the work of 
channel improvement, we shall secure the benefit of all the 
normal energy of the river. The exceptional and abnormal 
floods may be disregarded. It follows that levees intended 
for the sole purpose of improving the channel maybe of much 
leas height than those intended for protection against over- 
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flow. For the latter purpose they should be able to restrain 
the greatest floods. 

If any artificial additions to the banks of the Mississippi 
River are necessary to the improvement of its channel tor 
purposes ot navigation, it is the duty of tlie United States to 
provide them. That much is matter of national concern and 
national obligation. Protection against overflow is matter of 
domestic and individual concern, and therefore such levees as 
Lire necessary fur that purpose sin mid be provided bv the com- 
munities interested. An ideal levee system would comprise 
two lines of embankment,- -one of comparatively light charac- 
ter, following the river hank as closely as possible, and 
intended to restrain ordinary floods only : the other a master 
dike, standing farther back, high and strong enough to with- 
stand all floods, and following the general course of the river 
in long curves. But such a scheme is too vast for present 
co n si de rat ion, to say nothing of the practical difficulty of its 
execution. And as long as one line of levee must stand at 
once for river improvement and land protection, the obvious 
suggestion erf nature and justice is that the expense of it shall 
be divided between the States and the United States, According 
to its uses. To locate approximately the line dividing those 
uses is not beyond the possibilities of engineering. To devise 
measures by which a corresponding apportionment of burdens 
shall he ttiade, and unity and effectiveness of control secured 
ought not to be beyond the resources of patriotic states- 
manship. 



